Summary
This report describes various concepts often used in the analysis of the physical aspects of radiographic image quality, particularly the modulation transfer function (MTF) of screen-film systems as well as methods for its measurement. Physical image quality which can influence diagnostic accuracy of the radiologic examination is related to the contrast, resolution and noise properties of imaging systems. The resolution properties of the screen-film system and other components in radiographic imaging systems in the noise-free limit can be completely addressed by the optical transfer function (OTF) or the MTF. A useful property of the MTF analysis is that the total MTF, which determines the overall image degradation, is obtained simply as a product of the MTF's of its components, when the components are combined in a cascaded system. The OTF is defined as the two-dimensional Fourier transform of the point spread function (PSF) which is given by the radiant exposure distribution in the image of an infinitely small aperture (point source) radiating with unit radiant energy. The MTF and the phase transfer function (PTF) are the absolute value and the phase term of the OTF, respectively. When the PSF is rotationally symmetric, as is usually the case for screen-film systems, the OTF can be obtained from the one-dimensional Fourier transform of the line spread function (LSF) which is given by the radiant exposure distribution in the image of an infinitely narrow and infinitely long slit (line source) of unit radiant energy per unit length. In a linear and shift invariant imaging system, the output distribution in an image is given by convolution of the input distribution in an object with the PSF. However, the mathematically complicated convolution operation in the spatial domain can be replaced by simple multiplication in the spatial frequency domain, i.e., the Fourier spectrum of the output (image) distribution is given by a product of the OTF and the Fourier spectrum of the input (object) distribution.
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The screen-film system can be linearized when the film density distribution is converted to the corresponding "effective" relative x-ray radiant exposure distribution by use of the H & D curve. The MTFs of screen-film systems have been measured by two different approaches, namely, the Fourier transform of the LSF and the contrast measurement of a periodic pattern. In the first approach, the LSF or the slit image is obtained experimentally and the digital Fourier transform is performed with a computer. In the second approach, a sinusoidal or square-wave pattern of varying spatial frequency is used as an object, and the contrast of the resulting image is determined experimentally. The ratio of the image contrast to the object contrast, plotted against the spatial frequency, provides the MTF if the sinusoidal pattern is employed.
An interlaboratory comparison of the MTF measurements on three different screen-film systems has been carried out at the University of Chicago and the Bureau of Radiological Health (now the Center for Devices and Radiological Health). The MTF was determined by the slit method with the digital Fourier transform. The modulation transfer factors evaluated at the two laboratories agreed to approximately 0.02, which is comparable to the experimental error commonly encountered at each laboratory. The accuracy of MTFs of screen-film systems obtained with this method is affected by the choice of the slit width, the truncation level of the LSF tail, the sampling distance of the LSF data, and the accuracy of the H & D curve. The MTFs of screen-film systems can be significantly influenced by many factors such as the crossover exposure effect, the x-ray beam quality used, the angle of incident x-ray beam, and the quality of contact in screen-film systems.
